Crystal structure of (AE)-(4RS,5RS,7SR)-4-[(1RS,2RS,3RS,6RS)-3-benzoyloxy-2-(2-hydroxyethyl)-6-methoxymethoxy-2-methylcyclohexyl]-8,10,10-trimethyl-2-oxo-1,3-dioxaspiro [4.5] In the title compound, C 36 H 44 O 10 ÁC 6 H 6 , the dioxolane ring adopts an envelope conformation with the C atom bonded to the H atom as the flap, while the cyclohexene and cyclohexane rings are in half-chair and chair conformations, respectively. In the crystal, a pair of O-HÁ Á ÁO hydrogen bonds with an R 2 2 (26) graph-set motif connect the benzoate molecules into an inversion dimer. The dimers are linked by a weak C-HÁ Á ÁO interaction into a tape structure along [011] . The benzene molecule links the tapes through C-HÁ Á ÁO and C-HÁ Á Á interactions, forming a sheet parallel to (100).
Chemical context
Paclitaxel is a well-known natural diterpenoid containing a taxane framework (tricyclo[9.3.1.0 3, 8 ]pentadecane; Fig. 1 ), with potent antitumor activity (Wall & Wani, 1995) . This unique and complicated structure has attracted significant interest, and a large number of synthetic studies have been reported. In these researches, whereas some structure data after cyclization into taxane or taxoid derivatives are available (x 4), precursors just before cyclization are very few. The title compound has been obtained in our synthetic study of paclitaxel as a cyclization precursor to build the taxane skeleton (Fukaya et al., 2014) . ISSN 2056-9890 Figure 1
Structural commentary
The molecular structure of the title compound is shown in Fig. 2 . The dioxolane ring (O1/C2/O3/C4/C5) is in an envelope conformation with puckering parameters of Q(2) = 0.165 (2) Å and '(2) = 114.5 (6) . The flap atom C4 deviates from the mean plane of other atoms by 0.270 (3) Å . The cyclohexene ring (C5-C10), which is spiro-fused to the dioxolane ring, is in a half-chair conformation with puckering parameters of Q = 0.469 (2) Å , = 127.5 (2)
, '(2) = 197.2 (3) , Q(2) = 0.372 (2) Å and Q(3) = À0.285 (2) Å . Atoms C5 and C6 deviate from the mean plane of the other atoms by À0.493 (4) and 0.212 (4) Å , respectively. The cyclohexane ring (C24-C29) is in a chair conformation with puckering parameters Q = 0.587 (2) Å , = 4.6 (2)
, ' = 246 (3) , Q(2) = 0.042 (2) Å and Q(3) = 0.585 (2) Å . The large substituents (C24-C4, C25-C39, C26-O30 and C29-O42) are in the equatorial positions. The methoxymethoxy group (O42/C43/ O44/C45) shows a helical form with torsion angles of 76.5 (3) for C29-O42-C43- O44 and 64.8 (3) for O42-C43-O44-C45 held by weak intramolecular C-HÁ Á ÁO interactions (Fig. 3 The asymmetric unit of the title compound with atom labelling. Displacement ellipsoids are drawn at the 50% probability level. Only H atoms connected to O and chiral C atoms are shown for clarity.
Figure 3
The molecular conformation indicating the intramolecular C-HÁ Á ÁO interactions with dashed lines. Only H atoms involved in hydrogen bonds are shown for clarity. The benzene solvent molecule has been omitted. Table 1 Hydrogen-bond geometry (Å , ) .
Cg is the centroid of the C47-C52 ring. connected by cyclization into a taxane framework are C9 and C40 (Figs. 1 and 3) with their distance being 5.831 (3) Å in the present conformation. They are expected to approach each other by rotation about the C4-C24, C25-C39 and C39-C40 bonds.
Supramolecular features
The crystal packing is stabilized by a pair of intermolecular O-HÁ Á ÁO hydrogen bonds (O41-H41Á Á ÁO14 i ; Table 1 ) with an R 2 2 (26) graph-set motif, forming an inversion dimer (Fig. 4) . In the dimer, a pair of C-HÁ Á ÁO hydrogen bonds (C7-H7Á Á ÁO32 i ; Table 1 ) are also observed. The dimers are further linked by a weak intermolecular C-HÁ Á ÁO hydrogen bond (C18-H18Á Á ÁO11
ii ; Table 1 ) into a tape along [011] . The benzene molecule links adjacent tapes through C-HÁ Á ÁO and C-HÁ Á Á interactions (C49-H49Á Á ÁO11 and C27-H27AÁ Á ÁCg iii ; Table 1 ), forming a sheet parallel to (100).
Database survey
In the Cambridge Structural Database (CSD, Version 5.35, November 2013; Groom & Allen, 2014) , four compounds possessing a core of 6,6,8-trimethyl-1,3-dioxaspiro[4.5] dec-7-ene are found (Fig. 5) . These include its derivatives with 2-one (PUQLAO; Nishizawa et al., 1998) and 2,2-dimethyl (NEGBOQ; Poujol et al., 1997) substitutes. Another tetracyclic taxoid (ILIQUP; Ohba et al., 2003) with a core of 6,6,8-trimethyl-1,3-dioxaspiro[4.5] decan-2-one, obtained in our previous study, is closely related to the title compound. Only one crystalline compound just before cyclization is found in the literature (Nicolaou et al., 1995) , however it is not registered in the CSD.
Synthesis and crystallization
The title compound was obtained in a synthetic study on paclitaxel. The cyclohexene unit (C5-C10) was provided according to the reported procedure (Nicolaou et al., 1995) , and coupled with the substituted cyclohexane unit (C24-C29) synthesized from 3-methylanisole (Fukaya et al., 2014) by a Shapiro reaction (Nicolaou et al., 1995) . Further manipulation of the functional groups afforded the title compound, which was purified by silica gel column chromatography. Colorless crystals were grown from a benzene solution under a pentanesaturated atmosphere by slow evaporation at ambient temperature.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 geometrically with C-H = 0.95-1.00 Å , and constrained to ride on their parent atoms with U iso (H) = 1.2U eq (C) or 1.5U eq (methyl C). The H atom of hydroxy group (O41) was placed guided by difference maps and then treated as riding, with O-H = 0.84 Å and with U iso (H) = 1.5U eq (O). 13 problematic reflections were omitted from the final refinement. Computer programs: APEX2 and SAINT (Bruker, 2013) , SHELXS2013 and SHELXL2014 (Sheldrick, 2008) , Mercury (Macrae et al., 2006) , publCIF (Westrip, 2010) and PLATON (Spek, 2009 ).
sup-1
Acta Cryst. program(s) used to solve structure: SHELXS2013 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2008) ; molecular graphics: Mercury (Macrae et al., 2006) ; software used to prepare material for publication:
publCIF (Westrip, 2010) and PLATON (Spek, 2009 ). ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Problematic 13 reflections with |I(obs)-I(calc)|/σW(I) greater than 10 (-8 -2 1, -8 -2 2, -8 -1 2, -7 -4 3, -8 -3 6, 3 11 7, 3 10 8, 0 9 9, 2 10 9, 2 8 10, 4 9 10, 2 7 11, 3 8 11) have been omitted in the final refinement. (7) 0.0201 (7) −0.0099 (6) −0.0021 (6) 0.0025 (6) O12 0.0216 (7) 0.0199 (7) 0.0212 (7 
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